Scientific understanding of human ageing is confounded by lifelong differences in physical activity, exercise training, disease, nutrition and a myriad of other environmental and physiological factors. As a result, the ability to identify the physiological changes that are an obligatory consequence of ageing per se versus differences in environmental and behavioural factors can be problematic in human studies. In a recent short review in The Journal of Physiology, Lazarus and Harridge (2017) use the trajectory of athletic records across the lifespan as a biological model to advance our understanding of the relationship between age and physiological function by reducing the confounding effects of physical inactivity. The authors integrate the concepts developed from athletic records to propose a 'set point theory' that hypothesizes that an individualized level of physical activity is required to age optimally and compress morbidity. Importantly, this model highlights the role of physical inactivity in accelerating the diminution of physiological function with ageing and emphasizes the necessity of incorporating measures of physical activity in ageing studies. The set point theory is a dose-response model that predicts the interaction between three different doses of physical activity/exercise and the corresponding impact on physiological function with ageing. The three doses of physical activity/exercise include: (1) inadequate levels of physical activity ('below the set point'), (2) adequate levels of physical activity ('at the set point'), and (3) physical activity and exercise regimens exceeding the individualized set point ('above the set point') (Lazarus & Harridge, 2017) . Individuals operating below the set point will likely experience a decrease in healthspan. The physiological changes associated with ageing will be exacerbated by the detrimental effects of low physical activity, manifesting as extended morbidity time and increased prevalence of disease pathology. Conversely, individuals operating at the set point will offset the negative effects of physical inactivity and will undergo 'normal' ageing. The result will be a relatively brief period of morbidity and possibly an increased lifespan. Lastly, individuals exercising above the set point will elicit adaptations to improve athletic performance but will be unlikely to experience any additional improvements in health. Masters athletes are the most common model used to examine individuals operating above the set point, and even among these athletes the physiological changes that accompany ageing eventually 'catch up' and cannot be 'outrun' . Although this model has great utility in advancing our understanding of ageing, there are important limitations that should be emphasized when predicting human ageing from athletic records. We also highlight that the variability between people in both the ageing process and the adaptive response to exercise training demonstrate that 'one size doesn't fit all' , and that exercise recommendations should be individualized.
Masters athletics: utility and limitations
Analysis of athletic records across the lifespan has provided valuable insight into human physiology and remains a common probe to understand the physiology of ageing. The analysis of athletic records has led to two prominent conclusions regarding ageing: (1) the reduction in athletic performance with advanced age becomes exponential around the seventh to eighth decade of life, and (2) the age-related decline in athletic performance is typically greater in women compared with men (Tanaka & Seals, 2008) . However, there are important biases when analysing world records across the lifespan that may ultimately skew our understanding of the physiology of ageing. For example, there are societal, historical and legal barriers that have particularly affected women and old adults from participating in athletic events. Societal barriers include family expectations for child bearing and rearing, particularly among women. Historical and legal barriers include the exclusion of women from athletic events (e.g. women were first allowed to compete in the Olympic marathon in 1984) and the pervasive lack of opportunity for participation in similar athletics events for men and women (e.g. women swim 800 m at the Olympics and men swim 1500 m). Lastly, physiological barriers include the development of injuries, diseases, or other ailments that preclude prolonged participation in athletics.
Although it can be difficult to differentiate the magnitude of each barrier affecting athletic records across the lifespan, it is important to recognize the potential impact when using athletic records as a biological model to infer conclusions about the physiology of ageing. The potential impact of these barriers may be gleaned by interpreting the finding that athletic records in endurance events declines in a linear fashion from ß30-60 years, followed by an exponential decline in performance that is more pronounced in women (Tanaka & Seals, 2008) . If interpreted as a direct reflection of the physiological changes due to ageing, the conclusion would be that there is an obligatory accelerated decline in physiological function at ß70 years that is more severe in women. However, perhaps an equally plausible explanation is that the barriers listed above have severely reduced participation in athletic competition among older adults, particularly women. Indeed, there is a large reduction in participation in athletic competition after age 70. For example, of the ß850,000 participants in the New York City Marathon from 1980 to 2010 only ß3200 were 70 years or older, representing less than 0.5% of the total population of participants, and ß14% (n = 429) of these older participants were women (Hunter & Stevens, 2013) . Importantly, greater participation among older adults was associated with improved finishing times, and the magnitude of this effect was greater for women (Fig. 1) . With the continued increase in athletic competitors (Fig. 1) and the exponential J Physiol 595.22 growth in the older adult population, the debate over whether the accelerated decline in athletic records at ß70 years is due to physiology or participation may soon be resolved.
Variability in ageing and the adaptive response to exercise: 'one size doesn't fit all ' An important assertion of the set point theory is that the set point will vary greatly between individuals. Implicit in this observation is that 'one size doesn't fit all' when it comes to the adaptive response to exercise training and increased physical activity. Indeed, identifying the extent that genetic predispositions versus environmental factors contribute to the heterogeneous adaptive response to exercise remains a key area of scientific investigation. The challenge for clinicians and scientists will be to identify the cellular and molecular targets responsible for the adaptive responses to exercise, to ultimately create individualized exercise prescriptions that maximize the health benefits across the lifespan.
Additionally, the set point theory makes two further predictions that should be emphasized. The first prediction is that "at advanced age . . . physical activity levels to maintain healthspan are likely to be within a narrow range" (Lazarus & Harridge, 2017) . While this prediction suggests that the amount of exercise necessary to maintain healthspan in the latter stages of life will be within a narrower range compared to earlier in life, it is important to emphasize that improvements in function and quality of life can occur by engaging in exercise at any age. For example, following 8 weeks of resistance training, individuals 86-96 years old showed marked increases in muscle size and strength along with improvements in functional mobility and other clinical outcomes (Fiatarone et al. 1990 ). The second prediction states that "if age-related performance curves from individuals of differing ability could be normalized for physiological differences, they would essentially superimpose" (Lazarus & Harridge, 2017) . This prediction, in contrast to the variability between individuals in the adaptive response to exercise, implies that if baseline differences in physiology could be accounted for, the age-related decline in function would be similar among all individuals. The alternative prediction is that there is a large degree of variability in biological ageing even if adjustments for baseline differences in physiology and environmental factors were performed. This alternative prediction would manifest as variability between individuals in the rate of decline in physiological function and recognizes that at least a portion of the ageing process is heritable through genetic and/or epigenetic predispositions. For example, individuals carrying the ɛ4 allele of the apolipoprotein E (APOE) gene are at an increased risk of cognitive decline and neurodegeneration and developing cardiovascular and/or Alzheimer's disease with ageing (Liu et al. 2013) . However, to determine the extent that genetic versus environmental factors, such as physical activity levels, influence the biology of ageing will require large-scale longitudinal studies with strict control of environmental factors integrated with genome-wide association, transcriptional profiling and genomic convergence methods. Regardless of whether or not each prediction from the set point theory is correct, this model provides an important foundation to guide studies aimed at elucidating the mechanisms underlying the ageing process. ; however, compared to the 30-39 years age group, the total number of finishers was markedly reduced for the 50-59 (65% fewer), 60-69 (93% fewer), 70-79 (99% fewer) and 80-89 years age groups (100% fewer). B, participation of 50-to 70-year-old athletes was associated with finishing time for both men (r = −0.617, r 2 = 0.381, P < 0.001; y = −0.0013x + 157.98) and women (r = −0.858, r 2 = 0.727, P < 0.001; y = −0.0442x + 252.51). Data are taken from Hunter and Stevens (2013) .
Conclusion
One of the primary goals of clinicians, scientists and society is to maintain good health throughout ageing, and not simply to increase lifespan. Although a panacea does not exist, increasing levels of physical activity and exercise is one of the most efficacious and universal remedies to combat ageing and the associated comorbidities and diseases. However, in light of the heterogeneity and variability in both ageing and the adaptive response to exercise, the appropriate exercise prescription must be individualized. The set point theory provides a foundational model which can be applied to advance our understanding of the physiology of ageing and help elucidate the mechanisms responsible for the beneficial effects of exercise across the lifespan.
